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(57)Abstract 

PURPOSE: To remove the influence of components contained in 
tissues other than blood and to precisely analyze components in the 
blood by a method where in a signal component which has been 
frequency-shifted from the modulating frequency of a light source 
out of received acoustic signals is detected and a component 
provided with a velocity in a sample is quantified selectively. 
CONSTITUTION: A light source 1 and a wavelength selection device 
2 are combined, light at a frequency absorbed by glucose as an 
object to be measured is obtained, and the light is modulated to 
intermittent light by a light cutoff device 3. The device 3 is 
controlled by an oscillator 4, and pulsed light which is intermittent at 
a definite cycle is generated continuously, a part of the pulsed light 
is guided to an optoacoustic cell 6 by a beam splitter 5. A part of 
light waves is transmitted through a living body 7, it is absorbed by a 
component, to be measured, in blood 9 which flows inside a blood 
vessel 8, and an optoacoustic radiation is induced. Optoacoustic 
waves which have been radiated are converted into an electric 
signal by an acoustic detector 10 inside the cell 6, the electric signal 
is amplified and waveform-shaped 11, the signal is inputted to a 
frequency difference detector 12, and the signal is detected and 
quantified by a frequency analyzer 15 and a central control unit 16. 
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[4#f*fiW?©fEffl] 

[urat®2 ] maytm<D^ssncm^i>m.m^mmy 
- h^^ffl^T^-^x^Diou. mrieiUff y- nt#* 

mmrzc tz&mtTzm*m 1 iBig©^^^ 
a. 

ciira?®3 ] m2ttm<D$zfflicm^2>mmi&>$:&mi>' 
-i-m^zm^x^jv^mL, mmmm v- htm* 
vsmmmz #x mc&mv- \- rnmc* smm^v- 

ftztkmrzc tic «fc s . <&7g.m&trCi5i>-t:mB.imT 
i,m^mvimicm&-ri> c t ztmt? sura?® i ib 
&©:te§«#*T#i£. 

[ura£®4] msi^tmo^micm^^m^i&^mm^ 

M L tlU CcJtfc s «&©n# raii5i*«-r -s^cosm 
y- hm^ffit,»rsft^#*«Wc-9->^-s--5c £ 

a* l r in, > teg & 5 m&<Dmr$ mm * mt s mmv&m 
y- > ft-^*raurs(i<t-^*sij<itc^> r/;n, . -en 

•enaHRWJcsjrr *c 1 ibis© 

[it#®6] gW^tCHW©^-^^ h^?gS<D3fe 

p^©Pffiil§^£J:tf3T£C£teJ:»j> !#&*©gffj)i£ 
#©igg£Sfif£ C £*!f#it£-rSfg^ 1 - 5©l> 
rnAHCiB&C^SfttfWa. 
[if*® 7] ftZmLhtctfLftifi. J»8ft»S^tCj:») 
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B#raj®23W#/cSfty- hflreccj: y summit- 

>y'J^LX. SI^^*ft?«T-r-SC£{cj;0. <tt&S 

[urat®9] m&%m<D^<£m^zmmm.z&m j f 
»w**n-eti«cer*ci*»«i-r*iii«3ji7Bi!{ 

[UlJfc® 1 0 ] aWfiS^tclIW©^^^ h A4ASfKft 
M#©«?«r»**J:fc©r-5C£tCJ:0. f#f4#©gffWjX 

»©afle»**«D&j- -5c£*^si£-r€, n^og 7-9 
curat® 1 1 ] wjjoe i~io ©urn^tciBtg©^ 
20 : &s<i#*s«-r4-fe>-^£gSif4£©iatc#gu>x% 

1BL/. K!W*©^gPfii^6.©«^^WCC^-r^ 

Curat® 1 2 ] «triB^*>6©5fe*^< ^#7 t 

•fe >-9-fflS©^raWiES*liE5 g^E£ T S C £ *#»£ 

-r*is*®i 1 fBtt©3ts«^«f iia. 

CUI*® 13] it*® 1—10 ©C»m*i(CIBtg©3t 

^ftffiX&*#m-?z&L®mm<mmmx'i!b-z>x % 
30 ffi4>©fiS^*ja»!a«jcc5efirsc£%«RFSit£-r-5^fg» 

c urat® 14] fifrtBSM^ft^© ^> % ytmv&mm 

xmm?z>z.±VL&<o, 

* C £ «:^©£ r Sl«*® 1 3 W&fDftMUaMUMM 

10001] 

[0002] 

J5fc5^W*(f5»C|«Urtt. «*.«, Science,181,pp. 
657-653 , (1973) KlBtgStlTl^^^tC. tt^T * S 

[0 00 3] 

[%BJ*Jfi?9iUck^£-riiSM] tMiHUMKE) 

50 ai»-WTO©«H4tt4a3&»ora<. jUKKM*nft 
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Sit, £iftSffil&©ttfn, JfiL**#8t. aflrilSK©!^ 
-ftgftfc*. ^IHI*»*>*>itf*»)"C«c<, KtitflUcj:* 

u jn«rt©jiii«*K»)iasr. im®amma.zm\.* 
rusne o <t 9 <t r -6 1 . ii)tiK^©£tt£Mfttc$ 

ft*. ftt,» ti.\* wmifiib o fc. *^tt±e*fl»tce* 

«k*»w *±&©an * mmzmrn u xm9iftii» 
jfflft^©iiEjg*F«:£ * n sjss^okib*^ l t . n 

&#©l£#©iE5ift 5 C t&al&tfZytgW 

[0 00 4] 

«tkjr 0 -tas&ifi. mmm®ic «t 0 *fg-r •sisters 
■*M»©sfc. ^<Dsamtt^6Attttfli9i/^ 30 

R8»*a*iWK3af*- 4 c t -T SXWA«t3GF 

[000 5] 

l/T4ft*W^©»rjgHCCtt#*TSJSfc£HS'JU 

■U- c<DSW«ijatesa^o*M^*«iur*citt: 40 

*Jtt£jfitf£tf©j?5<;#B. jMtoat»tt*tttEKJ:g,-— « 
RflHFCF7*9S'7 h)*»»-r*C£#5ttB£ft*. fit 

»*»»i/T*a. jefi-rscitct*). jiriK&w©tg 

ll»K«*tlSJa»©IB»*l»*OT. JfllfflE^©^© 
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[0 00 6 ] 

'fflbfcjt*«»*!rMB©in 1 ©sot«©aua*«r** 
iT*s„ $r. *msw©«fiS*siw-r-5. sitcfc 

lr»r. . 1 K£JR. 2 KHftSM&B. 3 tt%jftffi8jK. 
4UCMMI. St2ir-.MMN8: 6B3£#tB-feJl/. 7B 
£f*. 8 Bit*. 9 IXJfcK. 1 0 ttfNMfcttiS. 1 1 B 
Ht 1 2 ttJS&Xft&ttliJS. 1 3 BSm^tBS. 
1 4 »WHI. 1 5 UMttM&tfttL 1 6 ttfeAMIP 
&B*7nUTl>S. ft*j. $WK(H451'Ott. JtS8© 
i'J5eswa«:*jW * jfinft^iS] tc*t L TSiSt ft 6ft (,» J: 5 
cckbs tiros, jkk. 49yt{v©abff©flm'«W9! 

1 i&gjMsijgg 2 <t ©aa^-a-jct *) , 
jib 3 tc «t 0 Ktftr&xc'wxjifttcxires. 

[0 00 7] C©:)fo&»f§IB3 «. iUK(C»ltHS4(C' 
JrDWfflJSti. c©^^S4©a^3&s^i/X3fc©*jsS* 
44dkMT». c©ftSN^«%K&KCK8' 
S*«C£(cj:i); — 5£©SW-C»fiK-rs^-{;^3fc*a 
tttttc^Stfrtv*. t^-A#gdgs 5 c©a 
**#©— »*:)E*W-fe A 6 (c ^ < . c ©3fc«©— SP 
B» *<*7*aiil/r. Ullf8rti&SEti4jfiiS[9tf©«J 

@H2;U6rt©«^HiSl 0<cJ:b«Aft^tcXlfe6.- 

b. gmnkusi occstbrsa^^-r-sfc*. mi* 
©fis»*>«.s#e.ii**&aw#». jfiissic©^ius 

*. 

[0 00 8] — ^« jfaffi*B3&> 0 -eft < 3t8Srt©^<* 

<fc ♦) ^^«*5StM §ns*5. £ttgUgttiKI££tt L ft 
•*fe#ifI«{c^*hi^U3-^*»j6>©36^B^ 
■^BAjg$MBg%£Dft<,». ^-7S7-5*>f.ofe5 

a. nms 1 4 (c<t k> t%m • j^^s^ l . wmm*tb 

T^^M^tlllSl 2«:A^7-r-5. AtRimtMbBi 2 
tar. C©S^©JS«®[{c^r-53tWIB<i#©saSKfi 

»*wu • a*u cm, micfflm®.ftffimm. 1 sr 

*J»6h&. **$UW^g 1 6 tc J: 0 , c©^-^^ h JU 
©5^jfiiifeji{ciCtj/cS}S[»<i^:%w-rsfiK^*tftUi • 
SSfiTStttcJ:^ Jb«£W©IEtt«K$«n&^ 
©i?S?:i^5feL.T 1 J&ffi*©fiS^©iEltft»W*?f 5 C 
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[0009] jinR xmfomv&ffif&gmic-o^x , 

B. 4»tttt«cJ:S(ftjRitt«Lr. ffl£tt*j&0©ft 

B. ^BS 60-2 36631^ 2i$RK.ffl7jk$tlX{,>Z<Dt\5tf& 
{C. $OUn -^©ifijSiHRWKJBW 5 2280nm©KlR*ffl 

&3tiRi &l/c. ±l2^^^i|^«K:fe^ae*s33oo , K 

itS. 1575nm,1765nm,2100nmfc L/ < B2290nmffi5©KlR 

t-i'»t^<, {&©>&»■©##?«: B. * 
©j£#©KtKjfc6£m>tttf«U>. ffe©l£»© 
W£LTB^*^ne>,:3U;*f-n-.>l/,JRjR,h y y 

y-fe^-f KjLRA^em«%Q. zoonm.i 

720nm,6760nm,6990nm,6060nrri^iC ©JR t'— * 

W>(V/f) 

^{coorjBJS-rsfc©^**). akB4ftAtt*ifl)«:-? 
i^Ttt, 3tm©»iB±^©fiUJlT-c*or4>^c>. *n 

ft*. *fc. «k»)ig<,»assjajg»)&ffli>i*B^«:B. n 
ftfooic. ^«c«WBBair««aKii^«ffic» 

*JPRIBJgSt'l/. f-ti****0SBJga*»6©}g*(cJ:t» 

[0012] *XffiM-C»; C©JSB^jg©^jg^f I*. 

f = 200kHz> •r^-7 u -/J:bB50%4L//c. tB&ifc©^ 
JHlCHl/?tt. lJi»3©5£. JtefettSg©&ra#3£&« 
Skl#©IIWfeJgK»r 4I9IBJ: 9?E#gl>C ifteMft 
-C&£„ u*>u 5t»©x*^4 r -*+^7»c#<^fc 
aMctt. f**-?*Jt*»i«:ftTS#4©B#Sl,< 
*ci». *fc. 3fe©M«SBS*»©-y2^{cl:kPi(-r5rc 
«>. . &J&&B*> 6jfo«*"C©8El5!#gtr»t§£B. 

©&##!*•*-©*). jnonttR. Mo^a-^^jt-cb 

HffitCteJBpJffet?**. Sets, ^tca>^-SflbO^*S0tJtc 
9 <c. COftjNMtt. fftMaiKai 
4©}ginK:<i:»J, tE.^©^— >">^-C^ji&^iBIC/T 
/^1/^©3?iJ(^^UX h U -f CifeTti 

Ktcift 0 £ 5 -if r b r n 5 . 
[0013} *36tMfS"Ctt, t'-A#$!|g&5 <ti,T, 5 

%, Sftt$^i»3fe^aiS*ffi])5%«!:0/cfc©<&ffll^ 5 
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* [0010) *SB»W-Ctt.' $gjS5iJ£IE2 <t L/T, ±. 

fe. jtffft^wjcfieffl-ra^iftjfeff *#RB, 1 1 
m.m.mmmz tom^^cumht^ minx, 

4f-?»jg*©#fe3lc%|^-r4 U-1f4ffi«Urt «t 
l>. C©J:5i5:l/-fiOtlJ, &a©¥2j|ffcU-"iW 
SfSHtCflH^ftS. t©ffe. U— if £feJRU-1f t 
©&&•*!■ &WC££„ 4>^3A,. »£ttllffi£©BMK 
*<> ^ifl^tcJcSKiRtiblSbr+^^ltnB^© 

*e*»©«R«: J; o . -e©^s©^^»n«m^. 
ftB&&&i>. 

[0 0 1 1 ] fitoT> ^©^WICMU. JfiLSSaigVt 

••••CD 

fflS^*>3SWti«. ffe©tm. flfe©j§&s$©&©£flH> 
20 TfeJ:^,, ^te^-Ctt, ifif^m-^A' 6 ©^©^ASP© 
*#t44tr. 5^4fflt^c*s. #igi©S&g©;ft£<i:<» 
rtm"C*#itt. fte©tt*4i&fflu-r4>J:^„ TIB 
©?&2©^iJ60«©J:5K:. c©1vtf4%fflc^-c5fc^7T 

^^-feJU©^©^ASP/c^CC«ffl-r-5tf 

^•fe;b©Eg(c^i*;14£*#/c-t±.2> c i Djlgf *•*>. 

©(4s. i$s©ftfiTii^figfcfefi£&ffl-r&©#$? 

30 C©?feA«:ffifl|-r*CiK:j:«j. M#©2raW 

[0014] ^ife^l-Ctt. *»7©SiJ^g|5fiti or, 

B> ft^E*>e>©SB@l*SM<> rtS©*C»4,©?:jijK-r 

^^^^^^©^WSft^^D-S©^. SC>®g 
*^#6n*„ f#affi*>6©Sggi*s+^<. Sfc. *S 
fc+^*WnB v giJ©g|5i4©»M*'2)l-5«Kij)ij|^^t,»r 
fciO. «*S«Ttt. ^S^mUl OtlT, PbZr 
40 0,-PbTiO,^ BEm-fe7 S ^Xi^^u^^i^jfi 

^■fe5 5 i'^i^'? Uf>i©S^J;b^5:a3iS'ftT'5» 
C itcj: 0 . ^SP-C > f - ^>X*JA#©*na.'5M Ra 

•5. BE«*rt4iU"Ctt. C©{fe(C&. IH2 7 5 m 

Jtt^ J f : Jimtt*4 ; &#34t l fflU.5i:<!:tDJt6r*?,„ C© 
^^©fJffltc^U^XiW^-^ll^SW, ^ 

50 a^^lt-^?:. S©S-T-iL-rffl«,iiW*P*> 
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to o i 5 ] — awe. jftL%(c^-r&n«Aft(ai vct^tbs^^ii-r*). dua^-coitac c^isocm 

f d=(v f cos0)/(c - vcos0)% (v f cos0)/c ••"(2) 

earner -c&o. ©M-c©jflis£iiAJiK)o.2ni/s-c4>-5/c ^tH, nitsci^r**. t*n*. r&*>fc. jta. 

/c*. f d ±j23Hz© K 7*7^7 ^W^©ffi^tC^SnSfiS»©i*^*|^*Lr; « 

8. iStDoija^ ^ JU^f 1 9*>6^RSfc© 10 fcte. tfefe&fclOfirpR-Ctt, F7 - -7^7>©iJ^*#^ 

*«8on»a. c^iisscDM^t*. ^«c*j^*agg a?. mmmm^ic^mt^u^^mQ^wmi-t *> 

. 2tc f ©J»iHjg(Bsin(cot))£ Yy'vftmmto&ftood fcfc, sRMfcWrtt. flJPfijfiLfctBg'JUfcfci!) 

= 2 k f d *^tf ftWS^-if (A cos (co +co d ) t ) t £ . lhifcmxm<D&&>k lit A, T, £r* o 

zl^llSSl 7(Cfc*>flK*£*>*C2fttftift). ffiiSfflifi? *J> IMIUlL«a»-r tfcttb/aMfcjt©^^ 

M{f^©MJl&&r*SAB/2sin(cod t ), "5$ ##Tffi££ft±^£C ifc^fjgr&S. &tc> mZHXD 

(DmumtL-at. ±m<D&mi8,mm*:*in?ti2^>-r 20 it. mm*jmx&z> 0 

offlt,»r2^ij©i5]SS*mfiSt. ssiWctt urease [0019] #^w$*r©8im<i:i,-cw:. ymzzsum 

mm&®.tti>^mvihz. corns. mxtLxA mm&z^v&t&mrztticj:*) . m#©f££fc<fc 

B/2sin(codt)*Jj:a f AB/2cos(cod t)CD 2iOF MlWriiCi. lilfitjlgfcre-r *fMK 

^"5~>7 nt^-^-n-enffens/tfc. cod©***}® #4i>i:tT*i. -xtc, &&w<om2<DfmwK.r>(,> 

1 9 it&Bm&frmnbic £ stasis© k «#^f#jh * . 02 ©susm <t m 1 ©nis^i «t ©*??«&£©£& 

-CfctffiWSiSgftO . 1 Hz, 3^C©7^Jl/dngrfflt»/c. 'J>^^U^^Ie1B82 0 -feSPffctc^JBU J§v&K^& 
[001 7 ] 2|s:*Jit«mj«lifi#4?f 30 ffl0S84 l,Trtg|Jfll)iS©#S&.2>*>©c 1 2' )ffifflf5c 

S7-5iS»^lllgl 3 ^fflUfcas. ftjg gfc. *fflSB©tI»j5<!: VXit. *M»f$|jE3 

tffi$Sg3 @{fcfc6+#IE5I&Sm<t-*f#7# Sn-Stl^ <L£ft:7 &«WH*;}&*7 r -f><2 1 X^LtcCtt, 

«. -?-n=&iS^^M^UiS 1 2^A2>L,Tfc<fct>. ;n-7 5 5-©#Bgtc#5«l*}&ffcttJff 1 3 iififsll 1 

**tSMr»^i8tSS!^t^a 1 5 t VX. A/D=i>'* 4©*BS-C*.5. El 4 tt. KI2 ©glS60!l-Cffll^S^ 

-**l*Jl«L*a7-y3:SBftja«rffll»«ef r i?jrjUSCH g&ffilJSS 1 2 * ©#/5;£7jVr$I;fe0-C* 0 . 

mii&9(%im.%mi<>tct)\ ^©«*>©JjiRlK:*-3<J§& 17* . {S^iliS7 ^ 1 8 • . D->7)\,*-}l¥® 

8fc»«f*ffi*fflC»-C*>. leHftc F^W h©MI^^ 8S22. ^ JUf 2 3 ^ 

^ftufp^si ijas^ ^2©sysw©«i^s3, @4*fflursSBj-r 

s^«r^-<u-5f©jg^«:s-^tsiiffl)-r.2>. enwr) z>„ 

XUhtitcY^z'^y h©^^^-^^ Yfr^mWilt 40 [ 0 0 2 0 ] *mMWC\$.< m#ff}K.{t$g 1 ©^Jte^i 

mL1c(Oifi. S6T*S. 2 3HzWi5tc ^^M^© m^fiXIM«ffit»^.''AM4(C4ittac|IOXi; 

f-^*5me.n«»*i t s?jai©sp<. #m ^u^cjes^'&^sifr. s?^sst^ms» 1 2 • . 

©ifliaaiv^is-r'S yv^v h-c*o. c©t--^ tc«*&-r5/cwt:> k «c< > ^<om2<omt)tLx. tp&m 

mLifinm*ov)\>^-x<mmcm$tt*. -n, 0 «p^gi 6 *»&©&« y-Mf-sfjca^, coawasa 

4aWffl^«ci'«:^sn5#ii:L.^^U=i-^«:«tSM^ HJifllrw. JSJiMig© JSjSStf 4 1 MHz. f^-V-f 

©5%s ^ilSSlia^ -f 1 9K:<fcoT^^*L^)*T.^ ib^rSC^. h VA ><Dft£.fflm$:Vim?i>^)\<X 

■frr>fcl8&X'bZ>. i^OjlL/gl^CPRF).!: L/C 2KHz*SfflL/c. S 

[0 0 18] bA'U. PSe-^tt. fl«»«±"Cli»«: fc. h i^OtZtctXDJtfrx&zsotbMc 

ftmUXl>&tc#>. *^®iag®©^a^5AS/c«3t- 50 «). ^*JS$B#RS«50nsT , &-5. C©<fe "5 
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[002 1 ] ^Hffiffl-Ctt, £©:£&£. 7t^7 7 

5. ^*7tfiCDJfll < g8 «:JlS«3n/c^(C«tCI > «cfj 

gf^ffigl 1 0 . fiHifg 1 1 . ig^HlSg 17'. &®MA 
7 4>\,$ 1 8' ' *3l/T. K7 , 7->7H^m,^ 10 

«. ^i©Hifef!i£a^ii-c*s. — *3feiMSP£S 

gl 6*>6©jg(ty- Ht^if^^'^y^-JUX^ 
H882 OtCA^J-TSi, ^g&ftT^ lW©<ffl#«:«fc 

882 2te, i&mmMy 4)\>Z\ 8" 

fftm* e (omwcttzmtR-c & -5. 20 

[0022] *mMW-ciz> cayWo^mMM-y 4i\>i* 

2 3-c®mmmk<D%m±{;T. mi<ommmtmm 
ttftmzn 5 c t&-Q*z>. ^mmmmm<on^:<om 1 

c<t«:i:»j, Slgffig©BiS*ilS*0. tic, 

^fi^&^-cs-sci-c**. #n*£wii*r©8!iJii© 
mscD^jtefd-c^ ±ai©02©»iisc?!ii«tagi«c»i« 
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